IntroductIon
This paper describes four useful applications of NIRS using the spectra information without the need for reference analysis or calibration. Sample cells and instruments may differ from one another in spectral characteristics and precision.
A. Operators are advised to buy more than one cell, and determine whether differences occur among cells in the absorbance recorded from the same material. For determination of sample cell consistency 10 scans are made of the material with cleaning and re-loading of each cell between scans. The standard deviation (SD) and coefficient of variance (CV) of the absorbance or reflectance data are calculated at one high and one low wavelength point.
B.
Operators are advised to determine whether differences occur among instruments when a network is to be established. For determination of instrument:instrument variance the same procedure can be used. The material is scanned 10 times on all of the instruments to be used in a network, using a single sample cell, and the standard deviation (SD) and coefficient of variance (CV) of the absorbance or reflectance data are calculated at one high and one low wavelength point.
c. Operations such as flour mills and feed mills need to know the efficiency of blending flour streams or feed ingredients before packaging and delivery. The efficiency of mixing/blending can be determined by using NIRS spectral data with no chemical analysis. The efficiency of mixing and/or blending can be determined simply and quickly by using NIRS spectral data with no chemical analysis.
MAterIAls And Methods
For the first two applications all that is needed is a well-blended sample of the material for which the instrument is to be used. The poster describes four useful types of application of NIRS that can be accomplished without the need for calibration. Methods are described for all four. Excellent spectral precision is essential to successful application of NIRS. This can be affected by minute differences among instruments of the same make and type. The second source of variance lies in differences among sample cells used to present the sample. The paper describes the methods of determination of these two sources of variance. Efficient blending in operations such as animal feed manufacture or flour milling is an important part of quality control. The third and fourth applications are the determination of blending efficiency, using spectral data, again with no calibration. For determination of blendingefficiency, the components of mixtures were placed into an industrial blender. The blender was activated, and after 5 seconds 10 samples were taken. The blender was then activated for the full blending-time and another set of 10 samples taken. Both sets of samples were scanned, and the SD of the spectra data computed.
For the blending efficiency study, the SD of the absorbance of the 5-second-blended samples was up to 7 times higher than that of the fully blended samples. The same procedure can be used in a flour mill to determine the efficiency of blending mill-streams. Similar differences were observed in blending a set of 8 flour streams, using the same procedure. This technique enables operators to recognize when mixes are fully-blended quickly and with no need for reference data. are suggested. The SD of the spectral data for the first 10 scans includes variance induced by cell-loading, and provides a measure of reproducibility. The SD of the spectral data for the second set of 10 scans eliminates the loading error, and gives the repeatability of the instrument on the same cell. Typical results are given in Table 1. The repeatability is the precision with which the instrument scans the sample with no interference by re-loading the sample. The material was air-dried soil, ground to pass a 2.0 mm sieve. The spectral precision will be affected by the type of material and its physical make-up. Table 2 shows differences in spectral precision among 5 sample cells. Although the absolute mean absorbance value for cell # 1 was clearly different from that of the other 4 cells, the reproducibility and repeatability of all 5 cells were similar. Table 3 shows the results of a calibration based on a single cell that is used to predict data from a test set derived from scans from 5 cells 2. For determination of instrument: instrument variance the same procedure can be used. The material is scanned 10 times on all of the instruments to be used in a network, using a single sample cell, and the standard deviation (SD) and coefficient of variance (CV) of the absorbance or reflectance data are calculated at one high and one low wavelength point. Figure 1 shows differences in the spectra recorded by 4 instruments of the same make and model when scanning the same sample: Figure 1 . Differences in average spectra among 4 NIRS instruments Table 4 shows biases incurred from results of a calibration based on a single instrument that is used to predict data from a test set derived from scans from 4 instruments. The data were recorded from the analysis of liquid manure.
ApplicAtions of neAr-infrA-red spectroscopy (nirs) without cAlibrAtion

Determination of blending efficiency in feed mills. Animal feeds usually contain several ingredients, most
of which differ considerably from each other in physical characteristics. Because of major differences in size and texture in their original form, these are all ground in a hammer mill before mixing, but still vary widely in their spectral signatures. For determination of blending-efficiency, the ingredients of a commercial feed mix were placed into an industrial blender. The blender was activated, and after 5 seconds 10 samples were taken. The blender was then activated for the full blending-time (5 minutes) and a second set of 10 samples taken. Both sets of samples were scanned, and the SD of the spectral data computed for both series of samples. Figure 2 shows the dramatic reduction in CV, in a dairy cattle total mixed ration (TMR) as a result of efficient mixing. The upper line shows the CV in spectral data across the spectrum after 5 seconds of mixing and the lower line shows the CV after full mixing. The reduction in the variance in spectral data was dramatic, and gives the operator the ability to determine the efficiency of mixing/blending within a few minutes, and with no need for laboratory or chemical analysis. usually prepare these by removing part of the 1st and 2nd middlings streams, which are brightest in colour and lowest in ash and protein content. The remaining streams are blended to produce bakers' flour, which is often delivered in bulk. In order to ensure that the bulk of the flour meets specifications the blended flour has to be analyzed. The efficiency of blending is critical, and can be tested in a manner analogous to the feed mill operation described above using absorbance data without the need for reference data or calibration. Table 5 shows the influence of blending mill-streams on the spectral data of wheat flour at two wavelength points. For brevity, only 5 replicates are shown. The variance in the log 1/R of the unblended series at both 1410 and 2306 nm was about 7 times higher than that of the blended series. Monitoring the variance in log 1/R provides a simple and effective estimate of the efficiency of blending. Operators can arrive at a CV that indicates efficient blending by experience.
conclusIons
Four examples are given of useful practical applications that use the absorbance data, with no calibration. Other applications include discriminant (classification) analysis, which can also be achieved without calibration, although sufficient samples must be assembled to represent all classes or groups effectively. CV of Dry TMR DOI: 10.17648/nIr-2015-34283 Powered by TCPDF (www.tcpdf.org)
